Background: Aim: Congolese Bank employees are often inactive without valid information on the burden of dysglycemia and cardiometabolic risk. This study aims to assess the prevalence rates of diabetes mellitus (DM) and pre-diabetes and to identify the environmental, genetic and cardiometabolic risk factors associated with Type 2 diabetes mellitus (T2DM) and pre-diabetes among Congolese bank employees. Methods: In representative 126 bank employees from Brazzaville, Congo, Central Africa, Abdominal obesity, dyslipidemia and metabolic syndrome (MetS) were defined by IDF for Europe, NCEP-ATPIII and IDF criteria modified for Central Africa. Projected high 10-year total risk of coronary heart disease (CHD) ≥20% was calculated using Framingham scores. Results: Out of the employees, 16% and 21.4% had DM and pre-diabetes, respectively. The rate of T2DM among diabetics was estimated 90%. Aging, high total cholesterol, high LDL-cholesterol, high conicity index and longer urban residence after migration were significantly associated with pre-diabetes. Physical inactivity, smoking, excessive alcohol intake, abdominal obesity, female gender, low HDL-C, hypertension, CHD, projected high 10-year total CHD risk, age ≥ 55 years, urban residence, Southern area residence, high socioeconomic status, non married status, MetS/NCEP, MetS/IDF for Europe and MetS/IDF for Africa were significantly associated with T2DM.MetS/IDF for Africa was the only independent determinant of T2DM. Conclusion: Urgent prevention and intervention programme are needed to curb the alarming increase in DM, T2DM, pre-diabetes.
INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyperglycaemia resulting from defects of insulin secretion, insulin action, or a combination of both [1] . Epidemic prevalence rates (age-adjusted or crude) of DM are currently observed in adult populations of Central Africa: 14.2% -25.3% in urban and rural areas of Kinshasa Hinterland (DR Congo) [2] [3] [4] . This contributes to the largest proportion from developing countries [5] [6] [7] on the global DM epidemic. Indeed, it is estimated that the current prevalence of 246 million diabetics throughout the world will increase to 380-500 million diabetics by 2030 [8] .
As reported in both developed and other developing countries [5] [6] [7] [9] [10] [11] , the rising prevalence of DM in Central Africa is chiefly attributed to urbanization (industrialization and westernization/acculturation), dramatic increase in the prevalence of diabesity (Type 2 diabetes [T2DM] and obesity), sanitary (demographic, epidemiologic and nutrition) transitions, lifestyle changes (physical inactivity, smoking, high alcohol intake, low fruits/vegetables intake, high animal/protein intake), rural-urban migration, and social inequalities [2] [3] [4] . Interactions between environmental (ecologic, societal) and genetic (non modifiable: sex, age, family history) factors may explain the markedly high differences in DM prevalence between various populations and individuals exposed and not exposed to an obesogenic environment [11] . The very high level of metabolic disorders may be explained by physical inactivity, nutrition transition and epidemiological transition.
Recent epidemiological findings suggest that daily sitting time or low non exercise activity levels may have a significant direct association with obesity, metabolic syndrome, T2DM and cardiovascular disease (CVD) in both industrialized general and working populations [12, 13] . Indeed, DM and CVD constitute the two sides of a same coin: DM is an equivalent of coronary heart disease (CHD); conversely CHD is associated with DM or prediabetes [14] , a non-diabetic hyperglycaemia. T2DM is associated with metabolic syndrome (MetS) a cluster of many cardiometabolic components) which promotes microvascular and macrovascular complications in Central African diabetics [15] . However, working communitybased data on DM are still rare in the African region. The only study published in 2001 comes from South Africa with low crude (2.45%) and age-adjusted (4.5%) DM prevalence among black factory workers [16] .
The nature of the jobs of bank employees in Brazzaville, capital of Republic of Congo (Central Africa), is defined by sedentary and western life style after ruralurban migration. The lack of integration of DM and CVD screening and prevention programmes into the existing occupational medical services in Central Africa in general and in Brazzaville in particular, urged us to conduct this survey. Indeed, in setting with established, coordinated and multidisciplinary occupational medical programmes, it is easy to intervene efficiently to reduce the suspected burden of non-communicable and chronic diseases (hypertension, DM, CVD) and their risk factors. We hypothesize, therefore, that DM, T2DM, pre-diabetes and other risk factors of CHD are epidemic.
In view of the above, the objectives of this study were to test the present hypothesis, to assess the prevalence rates of DM types and pre-diabetes, and to identify the environmental genetic and cardiometabolic risk associated with T2DM and pre-diabetes among bank employees.
RESEARCH DESIGN AND METHODS
This observational and cross-sectional study was carried out between 1 st and 30 th December, 2008 during the annual health examination mandated by Law.
Eligible participants were 1466 black and inactive employees working more than one year in any bank of Brazzaville. Their sitting jobs included maintenance, security, driving, clerical, management and administrative tasks. A 10% (n = 147) simple random sample drawn from the list of the eligible participants was invited to participate in after using a personal letter. The invitation letter requested them to attend the designated survey centre on a particular date, fasting between 7:30 PM and 9:00 AM. They were informed that snacks would be provided on the study centre. Interviews were trained before data collection.
Ethical Issues
Participants were free to participate in and gave informed written consent. The protocol of the survey was reviewed and approved by the research and ethical board in the Faculty of Health Sciences of the Marien Ngouabi University, Brazzaville. Confidentiality and anonymity of every participant was maintained and all data were kept private according to Helsinki II Declaration. Employees with detected DM and pre-diabetes were referred to the occupational Centre for cardiovascular prevention, pharmacological management or further investigation, if necessary.
Data Collection
Details on demography (age, sex, marital status, ruralurban migration, duration in town after migration), geographic site of residence (Northern, Central, Southern, urban versus (vs.) rural areas in Brazzaville Hinterland), medical history, socioeconomic status (monthly salary in FCFA), levels of physical activity, cigarette smoking and alcohol intake were filled in pre-coded, structured and standardized questionnaires.
Height was measured to the nearest centimetre using a wall stadiometer with the participant standing erect. Weight was measured to nearest 0.1 kg using a weekly calibrated balance beam scale (Soenle-Waagen GmGh Co, Murrhardt, Germany). Body mass index (BMI) was calculated as weight in kilograms squared (Kg/m 2 ). Waist circumference (WC), the smallest girth between the coastal margin and the iliac crest, was measured to the nearest 0.5 cm using a standard flexible and non-distensible tape and avoiding exertion of pressure on the tissue, with the participant standing up right, after gentle expiration. Standardized protocols were used to measure both body weight, height and WC [17] [18] [19] with appropriate validation and quality-control procedures.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured from the right arm of the seated participant after five minutes rest and were recorded to the nearest 2 mmHg using a standard and weekly calibrated mercury sphygmomanometer with the upper arm (at least 2/3 of the upper arm according to the American Heart Association guidelines).The 1 st and 5 th Korotkoff sounds corresponded to SBP and DBP, respectively. Three measurements were used in the analysis. Blood samples were drawn bay venopuncture in the morning and kept in ice until plasma or serum was separated. For known diabetic cases, fasting blood plasma glucose (FPG) and 2-h post prandial (regular meal) blood glucose were measured. Others underwent a standard oral glucose tolerance test (OGTT) [20] . Plasma for glucose collected in fluoride oxalate was separated within 2 h and assayed by glucose-oxidase peroxidise method using Hospitex Diagnostic Autoanalyzer (Florence, Italie). Serum creatinin, uric acid, total cholesterol (TC), high density lipoprotein (HDL)-C and low density lipoprotein (LDL)-C were assayed using automatic standard routine enzymatic methods and commercially kits (Biométrieux, Marcy l'Etoile, France). The coefficients of variation were <2%.
Definitions
Genetic and non modifiable factors included sex, age, ethnicity (Bakongo as majority vs. Bangala as minority) and family history of DM. Environmental factors were defined by areas and cities with electricity and water structures vs. rural areas without sanitation and geographic site of residence (Northern Brazzaville) with recent migration from Bangala ethnic group from the North-East of the country, Central Brazzaville with cosmopolite and multi-ethnic groups, and Southern Brazzaville with older migrations for homogeneous Bakongo ethnic group, having longer acculturation from Portuguese and French people. Westernization/acculturation was defined by longer duration of living in Brazzaville after rural-urban migration.
Socioeconomic status (SES) was defined by the Tertiles of the monthly salary: low SES (Tertile I < 500,000 FCFA), moderate SES (Tertile II: 500,000 -700,000 FCFA) and high SES (Tertile III ≥ 900,000 FCFA).
Work-and urbanization-related lifestyle behaviours included regular cigarette smoking (one or more cigarettes per day), excessive alcohol intake (≥30 g of ethanol or ≥4 drinks per day vs. moderate 1 -30 g ethanol or 1 -3 drinks per day and abstainers: 0 g ethanol or 0 drink per day) and physical inactivity (<60 min: median continuous index derived from time of exercise as recently defined among African workers [21] .
Diagnosis of DM was established according to World Health Organization (WHO) criteria [1] : when FPG was ≥126 mg/dL (≥7 mmol/L) or when 2-h OGTT glucose was ≥200 mg/dL (≥11.1 mmol/L) or when the participants had a known DM and treatment was ongoing. Impaired fasting glucose (IFG = FPG ≥ 100 mg/dL or 5.6 mmol/L and <126 mg/dL or 7 mmol/L) and impaired glucose tolerance (IGT = OGTT ≥ 140 mg/dL or 7.8 mmol/L and <200 mg/dL or 11.1 mmol/L) defined prediabetes [22] . T2DM was diagnosed in participants with DM onset at age ≥ 40 years, without malnutrition, nondependent on insulin therapy, earlier development of macrovascular/microvascular complication and ketoacidosis seldom as recently documented in Central Africans [4] . Types IB, IA and undetermined DM were also derived by the statistically derived syntaxes for Central Africans [4] as fasting blood insulin and C-peptide are not usually available in Africa to discriminate T2DM. Cardiometabolic risk is a global concept including obesity, hypertension, dyslipidemia, CHD, stroke and peripheral artery disease.
Total overweight/obesity was defined by BMI ≥ 25 kg/m [2] according to WHO criteria [19] . Abdominal obesity was defined according to International Diabetes Federation (IDF) criteria for Europe [23] , IDF criteria modified for Central Africa [24] and NCEP-ATPIII [25] .
Abdominal obesity defined according to IDF criteria for Central Africa, named also clinical insulin resistance, is considered as a surrogate (proxy) of insulin resistance derived by HOMA model in these Central Africans [24] . Both WC and conicity index [26] were considered as the surrogates of Central adiposity (abdominal fat distribution). The conicity index (WC in m/0.109 weight in kg/height in m), is a validated simple non-invasive computation that does not require measurement of hip circumference to define Central adiposity. The conicity index is also significantly associated with atherosclerosis in Central African diabetes [27] and in general population of Western world [28] .
Three operational definitions of MetS were used as follows. According to IDF criteria for Europe [23] , MetS was diagnosed by WC ≥ 94 cm for men, WC ≥ 80 cm for women plus two or more of the following: TG ≥ 150 mg/dL (1.7 mmol/L), specific treatment for this lipid abnormalities, reduced concentration of HDL-C < 40 mg/dL (1.03 mmol/L) in men and <50 mg/dL (1.29 mmol/L) in women or specific treatment for this lipid abnormality, SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or treatment of previous diagnosed hypertension, and FPG ≥ 100 mg/dL (5.6 mmol/L) or previously diagnosed T2DM. According to IDF criteria for Central Africa [24] , MetS was defined by WC ≥ 94 cm for both men and women plus the other features of IDF for Europe [23] . According to the NCEP-ATPIII report [25] , MetS was diagnosed by WC ≥ 102 cm for men, WC ≥ 88 cm for women, plus the other criteria defined by IDF for Europe.
Hypertension was defined according to the Joint National Committee (JNC)7 criteria as having an untreated SBP greater than or equal to 140 mmHg or DBP greater than or equal to 90 mmHg or being on medication for hypertension [29] . High blood pressure (BP) included known (aware) and unknown (detected, unaware) hypertension with BP ≥ 140/90 mmHg at the survey examination.
Since the Framingham scores were developed to estimate risk in persons without CHD, participants with physician-diagnosed CHD were not considered in the Framingham equation. We determined employees' 10-year total CHD risk using the equations published by the Framingham off spring study [30] . Total CHD risk suggested a higher probability of onset of angina pectoris, unstable angina, myocardial infarction and sudden death [30, 31] . Age in years, gender, SBP in mmHg, CT/HDL-C ratio, smoking status (yes vs. no), DM (yes vs. no), and left ventricular hypertrophy (LVH using Sokolow criterion from electrocardiogram) at the time of the survey were used as the risk factors in the Framingham equations. High risk of 10-year CHD was defined by the Second Joint Task Force of European and other societies on coronary prevention [32] .
Particular pattern of HDL-C stratification in Central black Africans was defined by both HDL-C < 40 mg/dL and HDL-C ≥ 75 mg/dL, established risk factors of MetS and CHD [33] .
Statistical Methods
Data were summarized by calculating means ± SD for continuous variables and proportions (%) for categorical variables. Chi-square test was used to compare proportions while Student t-test served to compare means between groups (T2DM vs. non diabetics, pre-diabetes vs. non diabetics). P for trend was calculated to show any biological (dose-response effect) relationship between SES categories, geographic sites of residence, stratification of HDL-C (<40 mg/dL, 40 -74.9 mg/dL) ≥75 mg/dL [33] and T2DM. Odds ratios (OR) were calculated with 95% confidence intervals (CI) using univariate (contingency table) and multivariate (logistic regression) analyses to define any association between potential risk factors, independent determinants and T2DM, respectively.
A P-value < 0.05 was considered as statistically significant. All data analyses were performed with the SPSS package for Windows version 13.0 (SPSS Inc, Chicago, Illinois, USA).
RESULTS
The prevalence rates of dysglycemia categories in the study population were particularly high: 16% with DM (n = 20) and 21.4% with pre-diabetes (n = 27). Among diabetics, 10% of diabetics (n = 2) including 1 with Type 1 A DM and 1 with Type 1 B DM, had known Type 1DM vs. 90% (n = 18) with T2DM but unknown DM. Among pre-diabetics, 15 had IFG and 12 had IGT. Thus, in the total population, 11.9% had IFG and 9.5 had IGT. Tables 1 and 2 show epidemic categorical and continuous values of other CVD risk factors in general and those related to gender, urbanization/Westernization and acculturation, sedentary nature of the jobs and lifestyle changes. Compared to male employees, females never smoked, had similar (P > 0.05) values of age, WC, conicity index, SBP, DBP, HDL-C, MetS/IDF Central Africa, abdominal obesity defined by IDF with Central Africa and CHD, but lower (P < 0.05) values of excessive alcohol intake and triglycerides. However, females had higher and significant (P < 0.05) levels of physical inactivity, uncontrolled hypertension, T2DM, overweight/ obesity, abdominal obesity according to NCEP-ATPIII and IDF for Europe, heart rate, BMI, total cholesterol and LDL-C.
Employees with pre-diabetes were older and had higher levels of total cholesterol, LDL-C, conicity index and rural-urban migration duration (westernization than their non-diabetic counterparts ( Table 3) . Increase in BMI, WC, SBP, DBP and triglycerides as well the decrease in HDL-C were not significantly associated with the presence of pre-diabetes.
There was a significant and dose-response (linear biologic gradient) relationship between levels of aging (P for trend = 0.005), SES (P for trend = 0.016), geographic site of residence (P for trend = 0.025) and T2DM prevalence (Figures 1-3) . Non married status (90% being women), urban residence, MetS according to NCEP-ATPIII, IDF for Europe and IDF modified for Central Africa were also identified as significant risk factors of T2DM ( Table 4 ). All employees with T2DM had CHD, were physically inactive (absolute risk of 100%) and drinking excessive alcohol (absolute risk of 100%). All male smokers had T2DM (absolute risk of 100%). There was no significant (P > 0.05) association between total obesity defined by BMI, individual lipidic component (total cholesterol, triglycerides, HDL-C, LDL-C) disorder and the presence of T2DM (data not shown). However abdominal obesity defined by IDF Europe criteria (OR = 45 95%CI 8 -132; P < 0.0001); NCEP-ATPIII (OR = 18 95% 4 -82; P < 0.0001), and IDF for Central Africa (OR = 85.9 95ùCI 9.9 -124; P < 0.0001) was significantly associated with the presence of T2DM. The highest risk of T2DM was due to both abdominal obesity and MetS defined by IDF criteria modified for Central Africa.
Cardiometabolic Consequences of T2DM
The increase in the prevalence rates of T2DM was significantly proportional with the rise of the levels of SBP The highest rates of T2DM were at the levels of BP defining hypertension. There was a significant association between T2DM and hypertension; the risk of unknown hypertension (42.4% n = 14/33, OR = 8.1 95%CI 2 -33.5; P < 0.001) being higher than that of known hypertension (28.6% n = 16/56, OR = 5.7 95%CI 1.2 -27.9; P = 0.018) conferred by T2DM in comparison with absence of DM (6% n = 4/70). T2DM was more (P = 0.022) prevalent among employees with high 10-year total CHD risk using Framingham scores (50% n = 6/12) than among employees with low CHD risk (12.3% n = 14/114).
No participant was aware of family history of DM, hypertension, CHD, premature CVD, as well as personal history of viral diseases and protein malnutrition in childhood or auto-immune diseases.
After HDL-C stratification, 24.6% (n = 31) and 19.1% (n = 24) had low HDL-C and very HDL-C, respectively. The first logistic model identified MetS defined by IDF criteria modified for Central Africa as the only independent and significant determinant (OR = 56.8 95% CI 16.4 -103; P < 0.0001) of the presence of T2DM after adjusting for gender, age, HDL-C stratification, SES, alcohol intake, smoking, geographic site, duration of migration, TC, and LDL-C.
Aging (age ≥ 45 years vs. age < 45 years) was identified as the only independent and significant determinant (OR = 4.8 95% CI 1.1 -20.6; P = 0.037) of T2DM when MetS was replaced by its individual components in the second logistic regression model.
DISCUSSION
The alarming rates of DM (16%), pre-diabetes (21.4%) and T2DM among diabetics (90%) in these bank employees confirm the current epidemic of DM and its prestate at global [5] [6] [7] [8] 12 ,13] and regional [2] [3] [4] levels. We are now far away from prevalence of DM estimated 1% -13% in previous general-and working-African populations [16, 34, 35] . We confirmed the hypothesis of epidemic of cardiovascular risk factors as well we confirmed specificities of anthropometry and lipid profiles in central Africans [3, 4, 15, 21, 24, 33] .
The present study outlines the importance of interactions of environmental factors and genetic (non modifiable risk factors in the pathogenesis of DM and T2DM. Lifestyle changes increasing in abdominal obesity, urbanization after rural-migration, increasing T2DM, and changes in employees demographics have together contributed to a dramatic increase in DM, T2DM and other CVD risk factors. The dramatic increasing of T2DM prevalence is also a consequence of an impending occupational health services crisis, a lack of community involvement, globalization, westernization, social inequalities and recent socio-political and military crisis in Brazzaville.
A significant female preponderance of T2DM, physical inactivity, non-married status, hypertension, overweight/total obesity, MetS and abdominal obesity defined by International criteria, heart rate, total cholesterol and LDL-C was shown in this working population. This may be explained by a double mental stress faced by women in comparison with men: combination of job strain, mental stress for non married and family-related stress for married. Excessive of DM was also reported among rural women in Mali [36] , while an equal gender distribution of DM is observed in Kinshasa (DR Congo) [3, 4] and global estimates [37] , but a male preponderance in rural Cameroonians [38] . T2DM prevalence in these bank employees increased significantly with age as observed in population from Kinshasa Hinterland [4] . This situation is a result of demographic and epidemiological transition [11, 38, 39] in developing countries [40] . The onset of T2DM in older ages (≥45 years) is characteristic for developed countries.
The present study supports the existence of the prominent role of environmental "trigger" factors such as urban residence, living in Southern area, high SES, physical inactivity, smoking and high alcohol intake on genetic influence (no family history of DM reported in the present study). Affluent Congolese in general and Bakongo ethnic group with long tradition of westernization, acculturation and migration in particular are mostly settled in urban and Southern areas of Brazzaville. Civil war during the last decade, based in the Southern area of Brazzaville, may be an other environmental "trigger" factor.
The present findings confirm the limited role of BMI (overweight/total obesity) in predicting T2DM [4, 41] as well hypertension [21] in general and working African populations. Indeed, BMI measures total body mass and both fat and lean mass, whereas WC and conicity index are used as proxy measures for fat distribution (abdominal obesity) [24, 26] . Furthermore, higher levels of WC, conicity index, abdominal obesity and MetS were significantly and individually associated with T2DM but not with gender and pre-diabetes. Other specificities in this study were the normal range of lipid profiles and the low rates of MetS usually reported in the African populationsand cardiovascular patients-based studies [33, 42, 43] . The main observations in these findings were related to the reverse epidemiology. Only increases in total cholesterol and LDL-C were significantly associated with prediabetes, while traditionally defined disorders of total cholesterol, HDL-C, LDL-C and triglycerides were not significantly related to the presence of T2DM. Very few bank employees had low HDL-C and very high HDL-C, whereas a curvilinear relationship has been observed between CVD, chronic renal failure, Helicobacter pylori-induced gastritis (a well established CVD risk factor) and HDL-C stratification in Central Africans with congestive heart failure [33] . Elevated HDL-C and less atherogenic dyslipidemia is reported in Japanese men with deficiency in cholesterol-ester transfer protein (CETP) [44] . Malnutrition, red wine consumption often observed in this former French colony, walking, and possible inaccurate HDL-C dosage may explain the elevated levels of HDL-C. Indeed the mean levels of HDL-C in the study population, men and women were in the normal range, respectively.
Dehout et al. [45] have documented an earlier T2DM onset with concurrent insulin resistance and earlier loss of insulin secretion.
Clinical and Public Health Perspectives
What is evident from our findings is that bank employees with T2DM are at increased risk of hypertension and CHD. Moreover, this increased CVD risk is apparent even before clinical diagnosis of T2DM (pre-diabetes) as reported in developed countries [46] . Our data agree with experts of NCEP-ATPIII [25] who consider DM as a coronary risk equivalent. Other findings, however, the T2DM-related increased CHD risk is not as great as in those persons with CHD alone [47] .
Discrepancies in cut-points of overall obesity, abdominal adiposity and dyslipidemia have a profound effect on prevalence estimates of CVD from the public health point of view. The current WHO [19] , IDF [23] and NCEP-ATPIII [25] cut-points could underestimate overall obesity, abdominal obesity and lipid disorders in these black employees as demonstrated in an Arab population of the middle East [48] . While it is useful to have ethnic-specific cut-points for various obesity indices: BMI ≥ 23 kg/m 2 , WC94 cm, conicity index, HDL-C < 40 mg/dL and HDL-C ≥ 75 mg/dL will result in an increase in detecting Central Africans at higher cardiometabolic risk.
The present high prevalences of pre-diabetes, aging, MetS and physical inactivity predict a further increase in the prevalence of T2DM in these bank employees over the next few years, consistent with the recent study of incidence of T2DM in Kinshasa Hinterland [49] . Thus, the ultimate purpose of identifying modifiable environmental risk factors for T2DM and pre-diabetes lies in the hope of primordial, primary and secondary prevention of T2DM and CVD.
There is an urgent need for health leaders, employers and employees to modify lifestyle behaviours by including exercise, smoking cessation, alcohol intake reducing to moderate level, adopting appropriate diet and combating obesity. Health promotion interventions that do not save money and application of the present recommendations could make a major to the prevention and control of DM, T2DM, CHD, and other CVD risk factors.
LIMITATIONS
Despite its cross-sectional design and small size of the study population, this study had certain strength through higher response rate, sensitization and 2-h load glucose test to diagnose DM. A multivariate analysis (logistic regression) to avoid confounding risk factors of T2DM are interrelated. Many of the lifestyle-related factors are linked with the development of obesity and hypertension associated with T2DM.
CONCLUSION
Epidemic rates of DM, T2DM (equivalent of coronary heart), pre-diabetes and cardiovascular risk factors associated with aging, urbanization, high socioeconomic status and lifestyle changes are observed. The highest risk of T2DM is determined by HDL-C ≥ 75 mg/dL, physical inactivity and MetS defined by IDF criteria modified for Central Africa. Urgent implication of occupational health services is necessary for prevention and control of non communicable diseases among these bank employees.
